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Abstract 
 
Over the past 10 years, the use of robotic kits in K-12 
Science, Technology, Engineering, and Math (STEM) initi-
atives as well as undergraduate engineering education has 
increased significantly. However, a survey of students in 
grades 9–12 indicated that only 2–3% of women in high 
school express an intention to study engineering; converse-
ly, 16% of high school men declared that they plan to pur-
sue an engineering degree [1]. In this paper, the authors 
present an initial review of published literature regarding 
the use of robotics in schools to identify cases where robotic 
kits have been used to engage girls in STEM learning and to 
discuss how robotics has been used or could be used to posi-
tively influence outcomes of girls’ knowledge, interests, self




A survey of students receiving STEM degrees in the U.S. 
shows that the numbers of technical degrees awarded to 
women and underrepresented minorities do not accurately 
reflect U.S. demographics. Based on the U.S. Census of 
2010, women account for 50% of the total population and 
the workforce; however, they represent only 26% of the 
Science, Technology, Engineering, and Math (STEM) 
workforce. The total percentage of undergraduate engineer-
ing degrees awarded to women was 17.5% in 2008, while 
the percentage of bachelor’s degrees in engineering technol-
ogy awarded to women in 2011 was 9.5%. Based on statis-
tics from the U.S. Department of Labor, only 11% of Aero-
space Engineers and less than 6% of Mechanical Engineers 
are women [2]. Recent studies have indicated that girls are 
participating equally in middle and high school studies in 
science, mathematics, and technology; however, the number 
of female graduates of engineering programs as well as the 
number of female engineers in the workforce are still low [3
-5]. 
 
As reported by McCrea [6], the percentage of U.S. girls 
interested in STEM careers has not improved in comparison 
to statistics from 10 to 20 years ago. Furthermore, the num-
ber of middle-school-aged girls who reported an interest in 
STEM subject areas by the time they are graduating high 
school and entering college have drastically declined, indi-
cating that even in the middle to high school years, female 
student retention in STEM is not being properly addressed. 
These are alarming trends and represent a complex problem 
that will have a dramatic impact on the U.S. workforce and 
economy.  
 
Factors Influencing Women in 
Engineering 
 
Female high school students do not choose to pursue en-
gineering as their career paths for various reasons, many of 
which are related to their perception of engineering [7]. One 
of the widespread perceptions is that engineering is viewed 
as a predominately male field [8]. Additionally, there is a 
perception that engineering has fewer opportunities for crea-
tive development [9]. A 2-year study of 403 students attend-
ing community college used a 28-item “perceived chilly 
climate scale” as a metric to assess the environment for 
learning and found that an environment that is perceived as 
“chilly” puts women at an educational disadvantage and 
many of them decide not to enroll or end up switching ma-
jors [10]. These perceptions have been documented in stud-
ies on females from elementary school through graduate 
studies and even through employment [5]. A study funded 
by the National Science Foundation (NSF) and conducted at 
the University of Wisconsin-Milwaukee in 2011 surveyed 
3700 female engineers and reported that one-third respond-
ed that they did not enter engineering after graduation be-
cause of their perception of engineering being inflexible or 
the workplace culture being non-supportive of women [11]. 
Some researchers suggest that this perception of gender and 
STEM occurs very early on in life if parents treat their chil-
dren differently according to their gender and with the 
choice of toys that children are exposed to for playtime [12]. 
 
Women who do pursue careers in STEM fields typically 
choose careers that have traditionally had higher concentra-
tions of women, such as fields related to health, education, 
and the social and behavioral sciences [13]. This trend con-
tinues even though much higher salaries can be earned by 
pursuing careers in information technology and engineering. 
One reason for this seems to be that these fields are male-
dominated and women who pursue these careers may be 
perceived as, or even perceive themselves as, more mascu-
line [10]. Furthermore, women have reported that they do 
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not feel welcome in college majors and career fields that 
typically have higher concentrations of men, such as engi-
neering and engineering technology. This relates to the need 
for a sense of community that is important to women [10]. 
An ethnographic study of engineering courses reported that 
women encountered negative behavior from male students 
[14], [15]. As a result, women may feel compelled to avoid 
college majors that are traditionally male-dominated in or-
der to avoid these unwelcoming and negative attitudes. 
 
Gender perceptions and masculinity are not the only ob-
stacles to engaging female students to consider engineering 
careers. A study in 2005 regarding female student interest in 
pursuing electrical engineering suggests that the dominant 
factor for the female pupils when considering the academic 
field of study is not the masculine image of the profession, 
but rather the level of familiarity with the domain and actual 
interest in the field [16]. 
 
Another factor influencing our young women is the lack 
of female role models who encourage students to pursue 
STEM careers. McCrae points out the need for more female
-led STEM groups that can attract more girls to technical 
careers and retain female students who express an interest in 
middle school but seem to fall off course in high school. 
McCrae [6] concludes that “an after-school math or science 
club that's headed up and championed by a female teacher,
…, can go a long way in getting girls to consider STEM 
degrees and careers”. He also points to the need to include 
more hands-on learning opportunities for students to under-
stand how education connects to future careers. For exam-
ple, robotics labs can help students identify with a career in 
engineering. Coupling hands-on learning with female-led 
initiatives could lead to the attraction and retention of girls 
in engineering careers. 
 
Methods to Engage Women in 
Engineering 
 
Universities across the country have started programs 
such as Women in Engineering to focus on reaching out to 
high school female students. These programs have resulted 
in more women enrolled in engineering programs in region-
al areas [16-18]. These programs use different vehicles for 
recruitment such as newsletters, websites, face-to-face inter-
action with program leadership, youth expos, summer work-
shops [18], peer mentoring, scholarships, visits to schools, 
one-day conferences [16], and camps. The reason for these 
various outreach methods is that different women’s groups 
do not respond the same way to any given recruiting meth-
od. Although high school students who have better 
knowledge about engineering were much more likely to 
report aspirations for studying engineering in college, there 
is still a gap when it comes to the girls having engineering 
college aspirations, even when moderated by recruitment 
[14].  
 
According to White and Wasburn [5] various online re-
cruiting materials have been developed specifically for fe-
male audiences and include showcasing successful women 
in STEM careers. More than two-thirds of online projects 
reviewed by White and Wasburn focused on technology to 
increase student engagement, and one-third included goals 
of career awareness or gender equity awareness. The re-
searchers identified four factors that online activities should 
incorporate in order to successfully overcome gender-
specific issues in career selections: 1) Career Information 
and Exploration; 2) Personal Identification and Relevance; 
3) Real-world Application and Context; and, 4) Social Inter-
action and Teamwork. 
 
Several studies have reported the effect of mentorship and 
role models on the future career choices of middle school 
and high school students, especially in STEM education [6], 
[19]. A study by Abrams and Fentiman [17] concluded that 
focusing only on recruiting efforts cannot increase the per-
centage of women in engineering. Efforts to successfully 
engage women in engineering must also assist women in the 
development of a supportive, sustainable network that will 
increase their chances of successfully completing an engi-
neering degree. 
 
Some studies suggested that one way of attracting women 
to engineering could be showcasing engineering as more 
creative and more receptive to female students. One ap-
proach to achieve this is to engage girls in cooperative team 
projects [20], [21]. However, research suggests that teachers 
are not adequately prepared to address gender-equity con-
cerns in their classrooms [22]. 
 
A wide range of K-12 programs across the country are 
using robotics as a very engaging tool for education, includ-
ing competitions that challenge students at different levels 
[8]. Girls do participate in many of these robotic contests as 
valuable team members and enjoy building and program-
ming robots. However, the effect of these different efforts 
on engaging the female population in STEM careers has not 
been well documented.  
 
Robotic Kits in K-12 STEM 
 
Over the past 10 years, the use of robotic kits in K-12 
STEM initiatives as well as undergraduate engineering edu-
cation has increased significantly. This phenomenon has 
been motivated by many factors including the diversity of 
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inexpensive robotic kits and their ease of assembly and pro-
gramming, as well as documented research that hands-on, 
project-based learning initiatives provide ways to engage 
students that traditional learning—including lectures and 
assignments, as well as advanced methods such as simula-
tions and gaming—cannot.  
 
Robotic kits provide opportunities to help highlight prac-
tical elements of the curriculum that can be more easily 
demonstrated and retained through hands-on learning and 
can make STEM learning more accessible for all students 
including female students, underrepresented minorities, and 
students with disabilities [23]. However, a recent survey [8] 
about the use of robotics to engage students showed that 
many educational efforts were primarily focused on using 
robots to teach robotics, without a broader sense of engi-
neering and career opportunities. Additionally, few studies 
have been conducted on how robotics can be properly uti-
lized in education in order to engage girls and other un-
derrepresented groups towards engineering. 
 
Robotics is multidisciplinary in nature and fully integrates 
many engineering subjects. Weinberg et al. [24] presented a 
model for multidisciplinary cooperation that included vari-
ous engineering disciplines and computer science, which 
elevates robotics to a potentially pivotal position in engi-
neering education. As part of their research, they formed a 
collaborative working group, which they called the Multi-
disciplinary Project Action Group (MPAG), as a way to 
bring together faculty members from the engineering and 
computer science departments who share a common desire 
to develop and deliver effective, multi-disciplinary learning 
activities for students in their respective college majors.  
 
Mataric et al. [25] and his colleagues developed an af-
fordable robotic platform and a free, public-domain robot 
programming workbook. Their intent was to make concepts 
related to robotics more accessible to educators and students 
at all levels. These free, detailed resources are valuable for 
removing barriers of entry for students and educators at the 
K-12 and university level and to provide direct access to 
hands-on learning about robotics. These types of robotic kits 
and resources could be utilized to engage girls in learning 
about engineering majors and careers.  
 
Thomaz et al. [26] studied children in Brazil and present-
ed an overview of the learning process of children who have 
been denied access to technology in education, referred to 
as “digitally excluded”, and how educational robots can 
benefit these children. Their work, referred to as the “digital 
inclusion project”, showed very positive results on impact-
ing student learning and introduction of new technologies 
when children have little to no prior contact with technolo-
gies were introduced to educational robots. The results indi-
cated that this project improved the educators’ skills by sup-
porting teaching techniques in the classroom when using the 
robot as an interdisciplinary tool to address subjects such as 
Portuguese, Mathematics, Art, and Geography. The study 
did not specifically target girls, but highlighted how educa-
tional robots can have a positive impact on underrepresent-
ed students.  
 
A novel study by researchers Lu and Mead [27] presented 
how a new generation of students perceives human-robot 
interaction (HRI) and its potential impacts on society. The 
focus of the study was to teach students how to program 
robots to express emotion and intent only through the ro-
bot's physical actions. The authors believed that exposure to 
sociable robotics would have the potential to increase inter-
est in STEM-related activities, particularly for girls. 
 
Another recent study [28] focused on the VEX Robotics 
competition, an international program for middle and high 
school students, with the same goal of engaging students in 
the study of STEM; this time, though, through a competi-
tion, where students build robots to solve a challenge. Sur-
vey data from 341 students and 345 coaches indicated that 
94% of coaches reported increased interest in science and 
technology and 50% reported increased interest in math and 
science classes as a result of robotics-based competitions. 
The study even looked at students from different academic 
levels, and showed that the robotic competition was benefi-
cial for all of them. That is, about 20% of students with high 
GPAs, and would have pursued a STEM-related college 
major, even without the robotic competition exposure, re-
ported a change of interest from pure science majors to en-
gineering-based college majors. On the other hand, students 
with lower GPAs, who were struggling in math classes, 
reported that participation in robotics competitions encour-
aged them to study auto/machine-tool technology or elec-
tronics, for example, and motivated them to do better in 
school. Approximately 30% of the participants in the study 
were female.  
 
A different approach to analyzing the benefits of robotics 
curricula was presented by KcKay et al. [29]. That study 
compared formal (classroom setting) and informal (summer 
camps) learning environments in order to understand the 
impact of robotics curricula on student learning of science 
concepts and their awareness and interest in engineering 
careers. This study of 440 students across four learning sites 
(two formal and two informal) showed that students in the 
informal environment did better on content learning than 
students in formal classroom settings, and they also did bet-
ter on STEM interest and engagement. The study suggested 
that the overall better results with the informal sites may be 
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due to the amount of time spent on the curriculum during 
the intensive one-week summer camp experience. Approxi-
mately 50% of the students were female. The results of the 
study did not specifically link to the gender of the partici-
pants and reported that gender was not a factor when com-
paring formal to informal setting results. 
 
The research by Takaghaj et al. [30] involved a mentor-
supported robotics project. The program used Lego Mind-
storms NXT and consisted of an unstructured design project 
geared for a robotic competition. In addition, girls were 
supervised in their own schools by a female engineer serv-
ing as a mentor. The survey considered both girls-only 
schools and classrooms with boys and girls in equal num-
bers. The study showed that this set up was successful in 
stimulating girls’ interest toward STEM careers. As this was 
a relatively recent study, and the students involved in the 
survey were basically children that grew up in a highly tech-
nological era, the paper mentioned that the girls started the 
program already knowledgeable about engineering or robot-
ics and had positive images of engineering. Still, the survey 
results indicated that the program was successful in improv-
ing attitudes even further. 
 
Although the actual number has not been reported, the 
majority of U.S. engineering schools include team-based 
student competitions in their undergraduate programs. One 
such example is the VEX Robotics competition, which in-
cludes 3500 teams from 20 countries annually [28]. Some of 
these competitions even feature all-female teams such as the 
ones for SAE Mini-Baja competition [8]. Qualitative feed-
back from these events obtained from after-project surveys 
showed a positive impact on retaining women enrolled in 
engineering programs. Based on the literature survey pre-
sented here, these findings can be attributed to the hands-on 
aspect of these competitions and the mentoring and commu-





In conclusion, women are grossly underrepresented in the 
STEM workforce, especially in engineering and engineering 
technology. The number of girls in grades 9–12 who have 
indicated their intentions to pursue engineering is signifi-
cantly less than their male counterparts. There are numerous 
factors that have been linked to the low numbers of women 
in engineering as well as the low number of girls interested 
in pursuing technical careers, notably the “perceived chilly 
climate” and lack of female mentors and role models. While 
the use of robotic kits in K-12 STEM education has in-
creased significantly in the last five years, studies carried 
out on the use of robotics to engage students focused pri-
marily on using robots to teach robotics, without a broader 
sense of engineering and career opportunities. Furthermore, 
few studies have shown the use of robotics to engage female 
students in STEM, or engineering in particular, and these 
studies lacked any formal evaluation or assessment. Thus, 
there is no clear evidence in the literature on whether robot-
ics can effectively engage girls in engineering.  
 
Based on the outcome of this literature survey, the authors 
intend to collaborate and explore the use of robotics as a 
hands-on learning tool to effectively engage girls and excite 
them about the study of engineering and engineering tech-
nology and career opportunities in these fields. This pro-
posed study plan will incorporate key findings from this 
literature survey on how to engage girls in STEM, including 
the need for female mentoring and female role models, the 
need for a sense of community and inclusion, the need to 
overcome the “perceived chilly climate”, and the need to 
feel part of a “greater good”. The partnership of Old Domin-
ion University (ODU) and Wayne State University (WSU) 
brings together two higher education institutions with the 
infrastructure, assets, capabilities, and expertise necessary to 
carry out this research through existing cooperative agree-
ments with high schools in Hampton Roads and Detroit 
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